The incidence of intracerebral hemorrhage over 13 years is compared between two Hisayama cohorts. Among men aged 40 years or older, the annual incidence declined significantly from 3.1/1,000 in the early cohort (1961-1970) to 1.2/1,000 in the recent cohort (1974)(1975)(1976)(1977)(1978)(1979)(1980)(1981)(1982)(1983). Massive ganglionic hemorrhage decreased, while small or medium-sized intracerebral hemorrhage increased in the recent cohort on pathologic or computed tomographic examination. These trends could be due to the reduced prevalence of hypertension in the Hisayama population. The association of serum total cholesterol with intracerebral hemorrhage is discussed based on the results during a 22-year follow-up period. (Stroke 1988;19:48-52) I t was generally conceded in the 1950s that the rate of intracerebral hemorrhage (ICH) was extraordinarily high in Japan, with high mortality deriving from the high prevalence of hypertension. Some investigators' contended that the alleged prevalence of ICH in the Japanese was the result of bias in diagnostic style and a low autopsy rate. During the last 20 years, mortality from ICH in the Japanese has declined conspicuously in the vital statistics 2 as well as in actual community studies.
I
t was generally conceded in the 1950s that the rate of intracerebral hemorrhage (ICH) was extraordinarily high in Japan, with high mortality deriving from the high prevalence of hypertension. Some investigators' contended that the alleged prevalence of ICH in the Japanese was the result of bias in diagnostic style and a low autopsy rate. During the last 20 years, mortality from ICH in the Japanese has declined conspicuously in the vital statistics 2 as well as in actual community studies. 3 This decline is partly ascribable to a reduction in the prevalence of hypertension 4 as well as to nutritional changes in the Japanese diet. The latter was concluded from the evidence reported in a community study 3 in Japan that showed that low serum cholesterol is a strong contributory factor for ICH in the Japanese. However, controversy still remains as to whether ICH was truly the main type of cerebral stroke in the past and, if the incidence of ICH has really decreased, what the main factor in its decline has been. An answer can be obtained only from the results of a long-term population survey based on accurate diagnostic determination. The autopsy-based Hisayama study was originally designed to establish the specific type and incidence of cerebral stroke in the Japanese. 6 This article describes the incidence of and risk factors for ICH during a 22-year follow-up period and the change in the incidence of ICH observed in two Hisayama populations over a 13-year period. We were From the Second Department of Internal Medicine, Faculty of Medicine, Kyushu University, Fukuoka City, and the National Cardiovascular Disease Center, Osaka (T.O.), Japan.
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Received November 28, 1986 ; accepted July 1, 1987. particularly concerned with the relation between blood pressure and serum total cholesterol as risk factors for ICH.
Subjects and Methods
The Hisayama prospective population study was initiated in 1961 to explore the epidemiology of cerebrovascular disease in a general population sample of 1,621 men and women aged 40 years or older at entry. The subjects comprised about 90% of all the residents in this age group in the town of Hisayama (first cohort). The study subjects have been followed continuously since November 1961, and causes of death among the cohort population were examined by autopsy in 82.4% of the 722 deceased for a period of 22 years. Follow-up for subjects who moved out of town has been reasonably complete, with only 0.1% of the study subjects lost.
In 1973, two thirds of the study population had entered the geriatric age group and 20% had died. A new group of 1,156 persons aged 40 years or older was added to the original cohort, resulting in a second cohort of 2,135 subjects. This cohort comprised 80% of all residents aged 40 years or older in the town in 1973. 7 Excluding the 82 subjects who died during the period of examination or who had already had a cerebral stroke, a total of 2,053 subjects (second cohort) has been followed from November 1974 to October 1983 without loss of any subject to follow-up. 8 Average age at entry was 55.5 years for men and 56.9 years for women in the first cohort and 56.5 years for men and 58.3 years for women in the second. More elderly persons were included in the second cohort. The autopsy rate during the study period was 81.4% of 290 deceased for the first cohort and 85.9% of 263 for the second. Details of methods of examination and follow-up have been described elsewhere. 3 We compared the incidence of cerebral stroke for 9 years between the two cohorts from November 1961 to October 1970 for the first cohort and from November 1974 to October 1983 for the second. In 22 years of follow-up, the type-specific fatal rate of cerebral stroke was 91.8% for ICH, 69.2% for subarachnoid hemorrhage, and 43.5% for cerebral infarction (CI). Of those, 75.6, 85.7, and 84.6%, respectively, were autopsied. Mortality from ICH in the second cohort during 9 years of follow-up was 72.7%, with an autopsy rate of 100%.
As the multivariate analysis for possible risk factors of ICH, we used the multiple logistic regression of Walker and Duncan, 9 in which appropriately determined scores were assigned ordinal values, and continuous variables were entered directly into the equation. We applied two types of analysis to the estimation of serum total cholesterol, evaluating cholesterol values as both continuous and ordinal variables. Table 1 indicates the type-specific frequency of cerebral stroke for the first cohort during 22 years of follow-up. Of 292 newly occurred cerebral strokes, CI was the most frequent (71.6%); ICH accounted for 16.8%, subarachnoid hemorrhage for 8.9%, and poorly defined types for 2.7%. Table 2 depicts the average annual incidence of CI and ICH for the first cohort by sex and age during the 22-year follow-up. The rate for CI increased with advancing age in both sexes, while that for ICH did not. ICH was notably more frequent in men than in women, with the ratio of CI to ICH 3.2 in men and 6.7 in women.
Results
Because of the high mortality rate from ICH (92%) during the 22-year follow-up, an analysis of risk factors was restricted to fatal ICH. The incidence of fatal ICH in the first cohort was calculated by serum total cholesterol levels at entry ( Table 3 ). The study subjects were grouped by cholesterol level; those in the 10th percentile (76-106 mg/dl) were the low group, while those in the 90th percentile (193-284 mg/dl) were the high group. The remainder were the middle group (107-192 mg/dl). Among men, the rate of fatal ICH was highest in the high cholesterol group, followed by the low and middle groups; for women, fatal ICH more frequently occurred in the low cholesterol group than in the high or middle groups.
Seven possible risk factors for fatal ICH for men were analyzed using a multiple logistic regression model. The standardized regression coefficients of these variables are given in Table 4 . In Analysis I, actual cholesterol values were entered into the equation as continuous variables, whereas cholesterol levels were coded in Analysis II as follows: low group as 1, moderate group as 2, and high group as 3. The only significant risk factor for fatal ICH was mean blood pressure in Analysis I; low and high cholesterol groups, as well as mean blood pressure, were independent risk factors for fatal ICH in Analysis n . This evidence suggests that both high and low cholesterol values may contribute to fatal ICH. Table 5 compares the incidence of ICH for 9 years between the two Hisayama populations each over a 13-year period. The annual incidence of ICH for men in the second cohort decreased to 1.2/1,000 from 3.1/1,000 for that in the first cohort. For women there was no difference between the cohorts in the incidence of ICH, although for both sexes combined the inci- dence of ICH in the second cohort was still significantly decreased. Of particular interest was a trend in the second cohort for increased incidence of ICH in men aged ^7 0 years. Possible risk factors for ICH were compared for men with ICH in both cohorts (Table 6 ). More elderly patients were included in the second cohort, and diastolic blood pressure was significantly lower in this group. In addition, systolic blood pressure tended to be lower and serum total cholesterol higher in the second cohort, although the difference was not significant.
Pathologic characteristics of ICH were studied in men from the two cohorts (Table 7) . Only cases in which hematomas were confirmed either by autopsy or by computed tomography were included in the study. The incidence of massive cerebral hemorrhage was significantly reduced in the second cohort, whereas the incidence of small or medium-sized cerebral hemorrhage (<2 cm 2 ) increased (p<0.05, % 2 with Yates' modification); ganglionic hemorrhage was responsible for most of this increase.
Discussion
Data on proportional frequency of ICH among all types of cerebral stroke can be obtained from surveys of stroke registries, which have recently been conducted in the United States and Europe. ICH caused 4 -1 1 % of all strokes in the Harvard Cooperative Stroke Registry, 10 National Stroke Survey," Stroke Data Bank, 12 and community hospital-based stroke programs. l3 Frequency of ICH in the community-based stroke registries in Sweden, 14 the Netherlands, 13 and Finland 16 was approximately 10%. Tanaka et al 17 reported a higher frequency of ICH in the stroke registry of Shibata, Japan.
Some of these studies are based on hospital records as the source of data and may be selectively biased by emphasizing strokes that are severe and require hospitalization; general population survey data can be more representative. According to the results from the Framingham Study 18 for a 26-year follow-up, the frequency of ICH among total strokes was 5% for men and 3% for women. The Framingham data 19 show that nine ICHs developed over 24 years in an original population of 2,282 men and seven in a group of 2,845 women, thus permitting an estimated crude incidence of ICH of 0.16/1,000/yr for men and 0.10/1,000/yr for women.
Compared with these figures, ICH was observed more frequently in our study (22% of total strokes for men and 10% for women), with the crude incidence 2.2/1,000/yr and 0.7/1,000/yr, respectively. This evidence suggests that the notably higher mortality from ICH indicated by the vital statistics of Japan in 1950 reflects both the bias originating from the death-certificate practice of Japanese physicians and from the higher incidence of ICH.
The age-adjusted death rate from cerebrovascular disease has decreased in Japan since 1965 and, in particular, since 1971.
x This downward trend has been more marked in mortality resulting from ICH and may be due to decreasing incidence, rather than to just an improvement in death-certificate practice. In our study, ICH significantly decreased among men in the second cohort. The prevalence of hypertension, which is well known to be the most powerful contributor to the development of ICH especially in those subjects with elevated diastolic blood pressure, was decreased prominently in the recent Hisayama population.
48
There is no doubt, therefore, that the decreasing incidence of ICH may be related to this reduction in hypertensive subjects. On the other hand, the prevalence of obesity or hypercholesterolemia has recently increased in Hisayama men. 4 A question arises as to whether these metabolic changes are also related to the decreasing incidence of ICH. Ueshima et al 5 reported that low serum total cholesterol was strongly associated with ICH incidence in a community in northern Japan. In our study, both high and low cholesterol levels seemed to be risk factors.
Several possible explanations can be drawn from our study. First, serum total cholesterol has no effect on the development of ICH, and an association of serum cholesterol with ICH mortality may be temporal and not causative. Second, hypercholesterolemia may be a risk factor for ICH, and moderate levels of serum cholesterol might prevent ICH. It is quite conceivable that some additional factor(s) may account for the ob- Rate, cases/1,000/yr; age-adjusted, adjusted to first cohort population by direct method. */><0.05 vs. second cohort, Mantel-Haenszel x 2 -served association of serum cholesterol with ICH mortality. Meanwhile, our study may suggest another interesting point concerning the relation between ICH and serum cholesterol. ICH was more frequently observed in elderly Hisayama men in the second cohort despite a reduction in the total incidence of ICH. Moreover, mean systolic or diastolic blood pressure was lower in the patients with ICH from the second cohort compared with those from the first cohort, whereas mean serum total cholesterol was higher in those from the second cohort. Comparing pathologic characteristics of ICH between cohorts, massive ICH, especially ganglionic hemorrhage, was reduced while small or medium-sized hemorrhages increased. Any conclusion still remains controversial because the number of cases analyzed was small and because five cases with equivocal location of hematoma were excluded.
Since the introduction of computed tomography, a number of small encapsulated hematomas, which in the past would have been diagnosed clinically as infarcts, have been identified. It has been reported that small hemorrhages on the basal ganglia clinically re- 24 " 27 and the underlying cause is considered to be hypertensive changes in penetrating arteries. Sustained hypertension initiates an acceleration of vascular permeability, resulting in deposition of fibrin and forming lipohyalinosis. Arterioles are liable to become occluded with thrombosis resulting in microinfarction, or there may be weakening of the vascular wall, microaneurysms, and diapedesis. Brain arteriosclerosis may be accelerated by hypertension, aging, and high serum cholesterol. If these factors promote arteriosclerosis rather than microaneurysmal formation, a massive cerebral hemorrhage due to consecutive occurrence of microaneurysmal ruptures could be prevented.
Since the cause of ICH varies, another etiology less related to hypertension should be considered. Two cases with lobar ICH were observed in the second cohort. Compared with hematomas reported by others, 28 • 29 there is a low incidence of hypertension in this group. Of those etiologies not resulting from hypertension, arteriovenous malformation, tumor, blood dyscrasia, or cerebral amyloid angiopathy (CAA) are well recognized. CAA should be important as an underly- Hematomas were confirmed by autopsy or computed tomography. Small or medium-sized hematomas were localized and not ruptured into ventricular and subarachnoid space, n, cases with intracerebral hemorrhage.
V<0.05 vs. second, x 2 test modified by Yates.
ing cause of ICH in the elderly. However, on histologic examination of the cerebral arteries of Hisayama residents autopsied consecutively using Congo red stain and polarized light microscopy, 30 only one of 26 cerebellar hemorrhages examined was attributed to CAA. Therefore, ICH due to CAA is considered to be less frequent in the general population. In our study, an etiologic consideration of ICH was limited to men because of the few cases of ICH in women. Since ICH is reported to be less frequent among women, a further study may be necessary to determine risk factors for ICH in women.
